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The efficiency of two floating macrophytes (water lettuce and water hyacinth) to remove 
phosphorus from wastewater and recover the phosphorus through composting and ashing of 
the plants was studied. Experiments were conducted using domestic wastewater and both 
phosphorus content in the wastewater and leaf and roots of both plants were studied. The 
water parameters evaluated for in this experiment were water pH, Dissolved Oxygen (DO), 
temperature and phosphorus content. In terms of percent reduction of phosphorus from 
wastewater, water lettuce showed a better efficiency (55.65%) compared to water hyacinth 
(45.29%). As for the recovery process from plant tissue, composting of water lettuce’s and 
water hyacinth’s leaves and roots gave lesser percentage of recovery. On the other hand, the 
ashing of water lettuce’s leaves and roots have showed 139% and 206% recover respectively 
whereas for water hyacinth the recoveries are 141% and 116% respectively for leaves and 
roots. Therefore, the ashing of these aquatic macrophytes could become possible to recover 
phosphorus in the form of fertilizer for the agricultural industry. 
 







Keberkesanan dua jenis tumbuhan air (kiambang dan keladi bunting) untuk  menyingkir 
kandungan fosforus dari air kumbahan dan mendapatkan kembali fosforus melalui proses 
pereputan dan pembakaran tumbuhan tersebut dikaji. Eksperimen dijalankan menggunakan 
air kumbahan domestik dan kandungan fosforus di dalam air kumbahan serta daun dan akar 
tumbuhan air dikaji. Parameter air kumbahan yang dikaji adalah pH, kandungan oksigen 
terlarut (DO), suhu serta kandungan fosforus. Bagi penyingkiran fosforus dari air kumbahan, 
kiambang (Pistia stratiotes) menunjukkan keberkesanan yang labih baik (55.65%) berbanding 
keladi bunting (Eichhornia crassipes) (45.29%). Bagi proses perolehan semula fosforus dari 
tumbuhan, proses pereputan gagal memberi hasil. Tetapi pembakaran daun dan akar water 
lettuce telah menunjukkan peratusan perolehan sebanyak 139% dan 206% masing-masing 
manakala water hyacinth memberi perolehan sebanyak 141% dan 116% masing-masing bagi 
daun serta akar. Oleh itu dengan, pembakaran tisu tumbuhan akuatik ini, kandungan fosforus 
mampu diperoleh semula dalam bentuk baja untuk industri pertanian. 
 







 The world keeps on developing each day, wasting not a second of time whether we 
aware of it or not, along with the advancement of science and technologies. New ideas and 
inventions exist each day to cover our human needs and satisfaction. However, there are still 
gaps that we’re stuck in, problems and environmental related issues that we’re usually lacked 
in. Issues such as global warming, destruction of ozone layer, pollution and also depletion of 
petroleum are yet to be solved even though we can already clone another animal. And one of 
the major environmental issues we’re facing today is the depletion of phosphorous, one of 
world’s valuable non-renewable source. 
 Referring to our modern periodic table, phosphorus which is also usually addressed as 
‘P’, is a group IV element with the atomic number of 15 and bearing the relative atomic mass 
of 30.97. Phosphorus is a very important nutrient in the plant world and exists in many forms 
in the environment. But the excess of phosphorus (especially in the aquatic environment) can 
lead to over-fertilization which triggers the overabundance of aquatic plants which in turn can 
deplete oxygen from the water through the decay process (Mesner and Geiger, 2005). This 
phenomena is known as eutrophication, where the oxygen in the water is used up by the over 
grown of algal or plants in the water. The over grown of these aquatic organism is induced by 
the presence of phosphorus which is an essential nutrient for plants, but in this context, it 
actually acts as a pollutant. And because of the overgrown of these plants, it usually causes 
harmful and adverse effects to other organisms in the same aquatic environment.  
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 Phosphorus is usually the limiting nutrient in natural waters for the aquatic organisms 
and generally exist in PO4
3-
 form, in other words it is the nutrient that determine whether an 
organism can live or not. For example, the growth of an algae is influenced by the 
concentrations of phosphorus in the water, not by the supply of nitrogen or carbon. According 
to Radojevic and Bashkin (1999), the uptake of these nutrients by biomass occurs in the 
approximate ratio C:N:P of 100:16:1. This clearly shows that the concentration of phosphorus 
in natural waters is much lower than nitrogen and carbon, and it can limit the primary 
productivity of water body. 
Phosphorus can be found in the environment in several forms such as orthophosphates, 
condensed phosphate and also organic phosphate. Here we will focus more on organic 
phosphate because it is the type of phosphate that is biologically formed in water bodies such 
as aquatic plants. 
The main anthropogenic sources of phosphorus in water are the discharges of raw or 
treated sewage, agricultural drainage and certain industrial wastewaters. The disposal of 
household detergents and washing gel is the major contributor of phosphorus in wastewaters. 
Back in the days, detergents caused foaming on the water surfaces owing to the slow 
biodegradation of surfactants. However, it was solved in the mid 60’s by manufacturing more 
biodegradable detergents.  
The research in finding appropriate wastewater treatment technology should be done at 
a faster pace. The idea and effort using aquatic plants for wastewater treatment has gained the 
attention of local and state agencies in various parts of the United States of America (Reddy 
and Debusk, 1995). In developing country such as Malaysia, state-of-the-art wastewater 
treatment methods of agriculture wastewater treatment may be exorbitant. Thus, combining 
and utilizing this technology with the fertilizer industry will definitely opens a new page of 
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achievement in agriculture area where plant that used to remove phosphorus from the 
wastewater can be used again as phosphate rich fertilizer. 
Today several researches and efforts of utilizing aquatic plant such as floating 
macrophytes and algae as an alternative to treat wastewater due to its low cost on installation, 
operation and maintenances, (Mosses and Chagas, 1984). However these researches only 
concentrate on removing phosphorus. There are ideas and studies conducted to recover the 
phosphorus from treated wastewater but there have not been any studies that can be 
implemented efficiently for this purpose. The plants that has been used for this wastewater 
treatment can actually be used again for many other purposes such as transform into green 
fodder to be feed to fishes and herbivores like what have been done in Beijing Zoo (Zhu and 
Zhu, 1998), process to gaseous and fossil fuels and also fiber and composting the plants into 
organic fertilizers to be used in agriculture industry.  
 
1.2 Objective 
The objectives of this project were: 
 To investigate the phosphorus uptake by water hyacinth and water lettuce from  
domestic wastewater 







2.1 Phosphorus in the environment 
 
 Excessive phosphorus loads in urban and agricultural runoff are identified as one of 
the greatest threats to our natural environment. Somehow, we are also facing the problem of 
excessive leaching of phosphorus into our environment. If there’s no action taken now, we 
will face heavy task recycling the phosphorus in the future. Phosphorus changes its forms 
under a number of different conditions. For example, orthophosphate readily combines with 
different minerals and metals in the soil and in water, such as calcium or aluminum. This 
creates a solid form that is no longer available for plant use. Therefore, phosphorus that plants 
can utilize may be very scarce in natural waters. Because of this, phosphorus is often the 
nutrient that limits plant growth in streams and lakes, even though there may be relatively 
high concentrations of total phosphorus in the water (Mesner and Geiger, 2005). 
 Activities that cause erosion in the watershed may result in particulate phosphorus 
entering the stream. 
These include: 
 logging or construction activities; 
 overgrazing and trampling by livestock or wildlife in riparian areas; 
 any changes in land uses near a stream, such as roads, urban construction, or 
agricultural activity that remove the plants along the edge of a stream or other water 
body. When this occurs, these plants can no longer filter out sediments in surface 
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runoff, and the stream banks themselves may become unstable and erode into the 
stream 
 
Runoff from land can also introduce dissolved forms of phosphorus into a stream. Sources 
include: 
 fertilizers that runoff lawns, golf courses and agricultural fields during snow melt, 
rainstorms or heavy irrigating; 
 runoff from poorly operated animal feeding operations or improper application of 
manure on fields; 
 poorly functioning septic tanks that release phosphorus into ground water. 
 
Point sources such as waste water treatment plants may also introduce phosphorus into 
the water bodies. Most of these treatment plants are not required by state agencies to remove 
phosphorus from their effluent and therefore may be significant sources (Mesner and Geiger, 
2005). 
The phosphate-P concentrations reported in a study conducted by Ling et al. (2005) on 
studying the household wastewater in Kuching, Sarawak fall in the range of 4-15 mg/L. The 
phosphorus loads of 481 and 557 mg/capita/day from the studied area are lower than 
combined load of 1421 mg/capita/day from different appliances such as kitchen sink, wash 
basin, shower etc. The study also indicated that the main contributor of phosphate in the 
receiving waters was detergent since one of the main contributions in phosphate in the builder 
is generally a phosphate. Plus there are also phosphate contribution from urine and faeces. 
As phosphate has a limiting or a regulating effect on productivity, its estimation is of 
great importance in determining the biological productivity of aquatic systems. In natural 
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waters, phosphorus occurs as orthophosphate and polyphosphate anions and in trace amounts, 
as organically bound phosphorus. A decrease in phosphate concentration with the increase in 
dissolved oxygen content of the water in some ancient tanks (Bhuyan, 1970). Seasonally, 
higher values of it during summer season may be due to increased decomposition of waste 
material at higher temperature (Upadhyay, 2004). 
Phosphate values which vary independently of Biochemical Oxygen Demand (BOD) 
values are in excess amount and offer a potential source of phosphate for enhancing algae 
growth in natural waterways. Higher concentration of phosphorus in the dairy wastewater may 
be associated with the cleaners used in the dairy plant or any other industries. Non phosphate 
cleaners are not as effective and add to the cost of cleaning because they require higher 
concentrations, longer cleaning cycles and sometimes the addition of an acid cleaning cycle. 
Phosphate concentrations vary widely, probably reflecting differences in the amount of 
phosphate in the cleaning compounds used. High concentrations of acid whey (dairy side 
product/waste) also result in high concentrations of phosphate (Upadhyay, 2004). 
 
2.2 Aquatic macrohpytes and wastewater treatment 
 
 Eichornia crassipes or commonly known as water hyacinth belongs to the 
pontederiacea family. It is also locally known as “keladi bunting”. Water hyacinth is a large 
floating plant. Its smooth round leaves have stalks that are swollen at the base, looks as if it’s 
inflated but it actually filled with spongy tissue (Smith, 1989). It has lavender colored spike-
crowded like flower.  
Pistia stratiotes or water lettuce, locally known as kiambang, on the other hand is a 
tropic plant from Araceae or Arum family which originated from either Africa or South 
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America. Water lettuce is also a large leaf floating plant. It has light, green and thick leaves, 
rosettes occurring singly or connected to others by short stolons (Smith, 1989). 
 The capacity of vascular aquatic plants to assimilate nutrients from polluted waters or 
wastewaters has been recognized for several years (Rogers and Davis, 1972). Vascular aquatic 
macrophytes such as water hyacinth, duckweed (Lemna minor) and cattails (Typha spp.) 
cultured in ponds and reservoirs offer potential alternatives for treating sewage and industrial 
effluents (Boyd, 1969) and agricultural effluents (Reddy et al., 1982). Nutrient removal 
efficiency of a system containing plants will depend on the type of aquatic plant, growth rates 
of plants, nutrient composition of water and physsico-chemical environment in water 
(Upadhyay, 2004). 
 Constructed wetlands have received a great deal of interest in recent years for the 
treatment of various kinds of wastewater (Hammer, 1989). According to Brix (1994), 
constructed wetlands have potential for secondary treatment of municipal and some industrial 
wastewaters as well as polishing of tertiary treated waters. Several studies showed that water 
hyacinth and duckweed will remove phosphorus from nutrients enriched water (Burgess, 
1965).  
 According to Tripahty and Upadhyay (2003), who studied on the potential of 
Eichornia crassipes to remove phosphorus from wastewater, found that it can remove 63.2% 
phosphorus from the treated wastewater. Polyculture of the plant with other species will 
maximize the efficiency. In developing countries such as Malaysia, industrialization has 
become a major income to the country but it caused inevitable pollution and leaching to the 
rivers and canals. Therefore a less costly and effective system is needed to treat the waters. In 
Bangladesh, water hyacinths are used to remove excess nutrients and toxic materials from 
wastewater (Upadhyay, 2004). Water sample from several factories have been collected and 
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studies (paper mills and fertilizer factories). The research showed that the concentrations of 
impurities (BOD, total phosphorus) from the waster water effluent treated by water hyacinths 
have been reduced (Haider et al., 1983).  
Many recent studies have shown that macrophytes could extract phosphorus from 
water but the exact rates of uptake were seldom recorded. According to Pelton et al., (1998), 
unit rate constants for uptake at ambient phosphorus concentration were similar across all 




from the water, depending on the amount of available phosphorus in the water. Imaoka 




for water hyacinths. They 
also noted that the removal of nitrogen and phosphorus from water increased with the increase 
in the nutrient loading rate. Both of these studies have discovered that greater phosphorus 
uptake was observed in response to enrichment of water with phosphorus than was observed 
for ambient phosphorus concentration.  
Maturation pond covered with water hyacinth was used to perform the tertiary 
treatment from oxidation pond effluent from domestic sewage and resulted in the reduction of 
Total Kjedahl Nitrogen (TKN) (33.8%) and Total Phosphorus (TP), organic matter, solids, 
coliforms and algae (Mosse and Chagas, 1984). The mechanism of nutrient removal was just 
simply the absorption of the nutrients and their utilization for development and biomass 
increase. In India, the dairy effluent was primarily treated using water hyacinth and the 
percentage for nitrogen removal was 71.8% meanwhile the corresponding figure for 
phosphorus removal was 63.2% (DeBusk and Reddy, 1991).  
According to Shome and Neogi (2001), wilted Eichornia crassipes may be used for 
anaerobic digestion with cowdung to produce manure. C/N ratio = 20-25. Due to the presence 
of high concentration of other gases, methane produced is not economically viable as fuel. 
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Anaerobic bacteria do not readily degrade the hard biomass of the water hyacinth between 
stem of leaf and roots. Phosphate concentration is more in leaves and stems than the present in 
roots. The plant has good nutrient stripping value. In 3-stage aquaculture, the percentage 
reduction of BOD5, NO3-N, PO4, COD, NH4, N, TSS have been reported as 96.90, 80.70, 
89.20, 77.90, (70-99), (55-70) and 95% respectively (Shome and Neogi, 2001). 
During their research, Reddy and DeBusk (1987) have found that to study these 
unique aquatic macrophytes, a few criteria should be taken into consideration upon selection 
of macrophytes for inclusion in water treatment systems. They are: 
o adaptability to local climate 
o high photosynthetic rates 
o high oxygen transport capacity 
o tolerance to adverse concentration of pollutants 
o pollutants assimilative capacity 
o tolerance to adverse climatic condition 
o resistance to pest and disease 
o ease of management 
Sooknah and Wilkie (2004) have successfully identified that the reduction in 
phosphorus would have been predominantly caused by uptake of soluble P, filtration of 
particulate matter through the roots and settling. While Reddy and DeBusk (1985), discovered 
that P removal in summer was the highest for the polyculture system (water hyacinth and 
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egeria system), however in winter season, polyculture of pennyworts and Lemna removal 
showed much better efficiency. Research also showed that 12 to 73% total phosphorus 
removed were due to plant uptake, hence the experiment proven that the other mechanism also 
involved in the nutrient removal besides plant assimilation (Reddy and DeBusk, 1985).  
 
2.3 Recovery of Phosphorus 
Composting is the biological decomposition of wastes consisting of organic substances 
of plant or animal origin under controlled conditions to a state sufficiently stable nuisance-free 
storage and utilization (Diaz et al., 1993). It is a natural process that usually occurs around us 
but it also can be manipulated to supply us with good and organic fertilizers, rich with natural 
nutrients. Composting happens when an organic matter is rot by microbes mostly thermophilic 
bacteria and fungus, deteriorate the matter into simpler and nutrients-rich compounds. 
However, even though composting is a natural process, the procedure is not easy. There are 
several of aspects need to be consider. The four main environmental factors are temperature, 
hydrogen ion level (pH), aeration and moisture content and only with all these factors at 
optimum level can the composting process be done. 
Composting occurs through the activity of microorganisms naturally found in soils. 
Under natural conditions, earthworms, nematodes and soil insects such as mites, sowbugs, 
springtails, ants, and beetles do most of the initial mechanical breakdown of organic materials 
into smaller particles. Under controlled conditions, composters break down large particles 
through grinding or chopping. Once optimal physical conditions are established, soil bacteria, 
fungi, actinomycetes and protozoa colonize the organic material and initiate the composting 
process. 
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Since composting is a microbial process, providing the right environment for microbes 
is crucial for successful composting. In other words, feed the microbes and let them do the 
work. Three factors interact in the making of good compost: 
• the chemical makeup of the raw organic ingredients, called feedstocks 
• the physical size and shape of the feedstocks (porosity of the pile) 
• the population of organisms involved in the composting process. 
 
Composts can be made from most organic byproducts. Common feedstocks are 
poultry, hog and cattle manures, food processing wastes, sewage sludge, municipal leaves, 
brush and grass clippings, sawdust, and other by-products of wood processing. Ideally, several 
raw materials should be mixed together to create the “ideal” range of conditions. But it is not 
as easy as it sounds. Composting is a simple process that can occur over a wide range of 
conditions, and if one mix materials with an eye to an acceptable moisture content and 
carbon-to-nitrogen ratio, one can produce acceptable compost with good management 
practices. In general, the combination of feedstock quality and compost management will 
determine the quality of the finished product (Rynk, 1992). 
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CHAPTER 3 
Materials and Methods 
 
3.1 Aquatic macrophytes used 
 
 The water hyacinth and water lettuce were collected from Agriculture Research Center 
(ARC), Vegetable Department, located in Semonggok, 12
th
 mile Kuching. It was then grown 
and cultivated naturally at an abandoned pond in UNIMAS. The plant grew under natural 
environment and exposed to normal solar radiation and ambient temperature. 
 The size measurement of water hyacinths selected for the trial experiment was 
approximately 10 cm x 8 cm (wide x tall) with the roots system measured at 10 cm long. 
Whereas the water lettuce chosen for the trial experiment was approximately 15 cm x 10 cm 
with roots system of 10 cm long and approximately 20 cm x 10 cm with roots of 15 cm long 
in the final experiment.  
 Young crops were selected for both water lettuce and hyacinth in the experiments 
(approximately one month old). Leaves which were seriously wilted (approximately 70% of 
the leaves are wilted) were removed to prevent the contribution of nutrient to the water 
column through decomposition of dead leaves. 
 
3.2 Wastewater used for experiments 
 
 For the trial experiment, water from the cultivating pond was first used to monitor the 
efficiency of the experiment. The actual experiment used the treated wastewater collected 
from 13
th
 mile housing estate (Beverly Garden) household drain. During the experiment, the 
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aquatic macrophytes were grown in a rounded plastic basin (PVC), with diameter of 55 cm 
and depth of 23 cm. the containers were placed at a covered area at the ground floor of the 
water research laboratory but with sufficient sunshine exposure. 
 
3.3 Parameters determination 
 
DO, pH and temperature of the wastewater (13
th
 mile housing estate [Beverly Garden] 
household drain) were recorded in-situ in order to determine the wastewater nature and 
characteristics.  
 
3.4 Experimental Setup 
 
 The experiment was setup in a batch culture system where the containers were placed 
at a covered area within the laboratory building, covered by glass walls to allow penetration 
on sun rays for the plant growth.  
 The aquatic macrophytes were then grown in non diluted wastewater conditions. 
For each type of the macrophytes used, 2 sets of replicate were implemented. The first set was 
grown for 10 days and the second set was grown for 20 days. For each type, one basin of 
wastewater without any plant was used as a control.    
 
 
 
 
 
